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For extrusion to occur by flowing suspended vesicles through a porous rock, the rock must not have any large pores. Since the resistance to a laminar flow through a pore, as described by the Hagen-Poiseuille law, is inversely proportional to the fourth power of the radius of the pore, larger pores would have much less resistance and allow virtually all of the fluid volume to flow through. For instance, a large pore with 1 mm diameter is 10 10 times less resistant to flow than a 2-µm-diameter pore, and would allow most of the vesicles to flow through without being extruded. To test this theory, we compared the extrusion of large (~4 µm in diameter) oleate vesicles (containing 2 mM HPTS) through membrane filters (with 2-µm-diameter pores) with or without a punctured 1-mm-diameter pore. Using the vesicle counting assay, we found that such a 1-mm-diameter pore completely prevented vesicle division from occurring. For the same reason, flowing vesicles through an open channel (e.g., a stream)
would allow virtually all of the vesicles to escape extrusion.
S2
Another important constraint is that the pressure gradient required for extrusion is immense.
In the laboratory extrusion procedure, 1 the pressure gradient applied across the membrane filter is estimated to be greater than 100 atm/cm (the membrane filter used is only ~10 µm in thickness). As the required pressure difference increases with the thickness of the porous rock, the rock must either be very thin (e.g., of several µm), or subjected to a high pressure difference (100 atm for 1 cm thickness) to allow for extrusion. Moreover, for multiple cycles of growth and division to occur, the vesicle suspension must be repeatedly recycled through the porous rock. It is unlikely for all these stringent conditions to be satisfied in a natural environment, and thus unlikely for an analogous vesicle extrusion process to occur in a prebiotic scenario on the early Earth.
Model for Vesicle Shape Transformations
Assuming that vesicle elongation results from increased surface area while vesicle volume is conserved, and that a cylindrical shape is most favorable, the lengths of the thread-like vesicles formed after growth are easily calculated. Here we show that the predicted vesicle length agrees with the experimentally determined lengths.
Suppose that a spherical vesicle has a radius of r 1 . Its surface area is
and its volume is and its volume is
Consider that the encapsulated volume of a vesicle is unchanged,
From [2] Under similar conditions of micelle addition, the efficiency of micelle incorporation is ~50%, as measured in previous studies. 2 Therefore, when 5 equivalents of oleate micelles are added to a vesicle suspension containing ~1 mM oleic acid, the increase of surface area should be ~3.5-fold. In our experiment, as measured in Figure 2A , the average surface area increase was ~3.7-fold (assuming that all membrane layers increase by the same proportion after reaching the steady state), which corresponds to a efficiency of micelle incorporation of 54%.
According to formula The counted number of dye-labeled oleate vesicles is proportional to the total number of dyelabeled vesicles in the vesicle suspension (r 2 > 0.99).
